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A series of experimental sunscreen preparations based 
on a common vehicle, containing increasing concen-
trations of either octyl-N-dimethyl-p-aminobenzoate 
(o-PABA) or 2-ethylhexyl-p-methoxycinnamate (2-
EHMC) as the ultraviolet B (UVB) absorber, has been 
tested in the hairless mouse for the ability to protect 
from erythema, from the systemically suppressive ef-
fects ofUVB (280-320 nm) radiation on contact hy-
persensitivity, and from photo isomerization of epi-
dermal urocanic acid. All the preparations protected 
efficiently from the edema component of the ery-
thema response when mice were exposed to UVB radi-
ation equivalent to three times the minimal erythema 
dose (MED). However, when mice were exposed to 
UVB radiation equivalent to 15 X MED, protection 
from erythema was observed only at the higher con-
centrations of each UVB absorber (10% 2-EHMC and 
10% or 15% o-PABA). Protection from the UVB-in-
duced suppression of contact hypersensitivity was 
shown to be dependent on both the nature of the UVB 
R eports concerning the capacity of sunscreens to pro-tect mice and humans from the harmful effects of ultraviolet (UV) radiation on the immune system continue to appear. Sunscreens have fai led to protect from UV radiation-induced tumor susceptibility in 
C3H mice [1 J, from Langerhans cell depletion and suppression of 
contact hypersensitivity (CHS) in C3H mice [2]. and from suppres-
sion of CHS by low-dose UV radiation in hairless mice [3,4]. In 
h umans, they have fai led to protect against suppression of delayed-
type hypersensitivity, of natural killer cell a~tivity [5]. and of the 
mixed lymphocyte reaction [6J. In these studIes, the UVB-absorb-
ing ingredient has frequently been p-aminobenzoic acid or its ester, 
octyl-N-dimethyl-p-aminobenzoate (o-PABA). However, when an 
alternate UVB absorber in common usage today, 2-ethylhexyl-p-
methoxycinnamate (2-EHMC), has been examined, protection has 
been observed from the UVB radiation-induced suppression of 
CHS in hairless mice and in the South American opossum MOI,odel-
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absorber and its concentration. Photoimmunoprotec-
tion by the sunscreens containing 2-EHMC was evi-
dent at lower concentrations (5% and 10% 2-EHMC) 
than with o-P ABA, following both 3 X MED and 
15 X MED of UVB exposure. Photoimmunoprotec-
tion by o-PABA-containing sunscreens was observed 
only at 15% o-P ABA following 3 X MED, and failed at 
all tested concentrations after 15 X MED ofUVB ex-
posure. Regardless of the photoimmunoprotective ca-
pacity, sunscreen preparations containing either of the 
UVB absorbers prevented the UVB-induced forma-
tion of cis urocanic acid in the mouse epidermis and in 
vitro under all conditions tested. Thus, there appeared 
to be a correlation between protection from edema and 
from cis urocanic acid formation at 3 X MED ofUVB, 
but a dissociation of these variables at 15 X MED of 
UVB. There was no relation apparent at either UVB 
dose between either edema or cis urocanic acid forma-
tion and protection from suppression of contact hy-
persensitivity. ] Invest DertnatoI103:801- 806, 1994 
pn!s domesf:ica (7],* and from. the in?uction of tunlor susceptibility in 
hairless mice [7] , 111 companson With an o-P ABA - based sunscreen. 
In contrast, both sunscreen types, o-P ABA and 2-EHMC, protected 
from the depletion of epidermal Langerhans cells by simulated solar 
UV radiation, although in this study neither protected from the 
loc.al suppressio!l of CHS in hairl ess mice [4J. A further recent study 
claImed protectIOn from the suppression of CHS in C3H mice [8J by 
both sunscreen types. In addition, a sunscreen containing a different 
chemical category of UVB-absorbing ingredients (camphor and 
sulfonic acid derivatives) together with o-PABA has failed to pre-
vent UVB-ll1duced suppression of aIIoactivating capacity in human 
skin [6],. whereas a 2-EHMC-based sunscreen was shown to pro-
Vide a l11gh level of protection fr0111 suppression of this function in 
the mOllse.t 
Thus, the question of Sllnscreen protection from UV radiation-
induced immunosuppression remains u.nresolved. It is clear only 
that the universal protection of sunscreens from UV radiation-
"Reeve VE, Applegate LA, Ley RD: Protection by a sunscreen from UV 
radiation-induced suppression of contact hypersensitivity (abstr). Photochem 
Pitotobio/ 51: 16S, 1990. 
t Walker SL, Chu AC, Morris ] , Young AR: The effect of a UVB sun-
screen on UVR-induced suppression of the alloactivating capacity of mouse 
skin in vivo. P/lOtocitem Photobio/ 55:121S, 1992 
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induced erythema and edema does not correlate consistently with 
their ability to protect from impairment of immune functions . 
The mechanism by which UVB irradiation suppresses T -ceJl -
mediated responses in mice and man also is not clear. However, 
there is now substantial evidence that epidermal trans urocanic acid 
(UCA) acts as a UVB photoreceptor, and when photoisomerized to 
the cis isomeric form, may be converted to a mediator of this immu-
nologic impairment. Cis UCA applied exogenously has been shown 
to reproduce a number of the immunosuppressive act~ons of ~V 
radiation in mice [9 -11]. The effect of sunscreens on thIS photOlso-
merization reaction in the epidermis has not been elucidated. 
In this study, we examined the effects of each UVB absorber, 
o-PABA or 2-EHMC, at different concentrations in experimental 
sunscreens prepared in a common vehicle, on erythema and on the 
systemic CHS response in hairless mice exposed to UVB radiation. 
As the effect of these sunscreens will be shown to differ depending 
on the UVB absorber, we also examined their effects on the photo-
isomerization of U CA in vitro and in the hairless mouse epidermis, 
in an effort to define a mechanism for the variable photoimmuno-
protection we observe. 
MATERIALS AND METHODS 
Mice Mature outbred female Skh:HR-2 pigmented mice, homozygous for 
black juvenile coat color, aged 10 to 26 weeks, were age-matched in experi-
mental groups of five or six. They were housed in wire-topped plastic boxes 
on inert vermiculite bedding (Boral Ltd., Camellia, NSW) and were main-
tained at 25'C under gold lighting (GEC F40GO) on a 12-h on/off cycle. 
They were fed standard laboratory mouse pellets (LabFeeds, Fairfield, 
NSW) and water ad libitum. 
Sunscreens Samples of the pure UVB absorbers were kindly donated, 
2-EHMC from Givaudan Pry. Ltd., Dee Why, NSW, and o-PABA from 
Colgate-Palmolive Ltd., Villawood, NSW. A series of experimental sun-
screens was prepared by vortex-mixing the pure UVB absorber in a simple 
base lotion (an oil in water cosmetic emulsion stabilized with isopropyl 
myristate) to provide 2.5%, 5.0%, and 10% 2-EHMC and 5.0%,10.0%, and 
15.0% o-PABA in a common vehicle. The absorption spectra of dilute 
ethanolic solutions of these pure UVB absorbers have indicated previously 
that 10% 2-EHMC and 5% o-P ABA have similar absorbance at 310 nm [7]. 
The sun protection factors (SPF) of the sunscreen preparations containing 
5% 2-EHMC and 5% o-PABA were ascertained on hairless mouse skin 
under the UVB irradiation conditions described below, and were found to be 
approximately 5 and 7, tespectively. 
Sunscreen preparations were applied liberally to the dorsal aspect of the 
face, ears, head, trunk, tail, and feet of the mice, at approximately 3- 5 mg/ 
cm2 , 30 min before UVB irradiation, by which time the lotions had been 
absorbed by the skin. Mice were held on the wire cage tops during this period 
to minimize loss of the sunscreen coating by contact with the cage or bed-
ding and to discourage grooming and thus possible ingestion. 
UVB Radiation Mice were irradiated with a single FL40SE UVB fluo-
rescent tube (Oliphant) in a reflective batten. This provided 1.05 X 
10- 3 W /cm2 UVB radiation as measured at the target distance using an 
International Light IL 1700 radiometer with a UVB sensor (SEE 240), sensi-
tive to 250-315 nm and calibrated to the spectral irradiance of this UVB 
source. The mice received 0.47J/cm2 UVB radiation, constituting one min-
imal erythema dose (MED) as ascertained previously, or a higher dose of 
5 X MED on each of 3 consecutive days, while exposed unrestrained with 
the wire cage tops removed. The cumulative dose of3 X 1 MED resulted in 
a moderate nonblistering erythema; it was ethically unacceptable to expose 
unprotected mice to 3 X 5 MED. The erythema was quantitated as the 
edema component of this reaction [7,8] by measuring the mid-dorsal skin-
fold thickness with a spring micrometer (Mercer, St. Albans, UK) at 48 h 
after the first UVB exposure, i.e., immediately before the third UVB expo-
sure, at which time the reaction was found to be maximal. 
Induction of Systemic CHS Mice were treated topically with base lo-
tion or the sunscreens, fo llowed 30 min later by exposure of the dorsum to 
1 MED or 5 MED ofUVB radiation (or no UVB radiation) at the same hour 
on days 1, 2, and 3. On days 8 and 9, the mice (irradiated and nonirradiated) 
were sensitized by topical application to the abdominal skin of 0.1 ml 3% 
(w/v) oxazolone (Sigma Chemical Co., St. Louis, MO) fresh ly prepared in 
ethanol. Nonsensitized, challenged-only controls established that challenge 
alone did not alter ear thickness in the presence of the sunscreens or in 
irradiated mice (Fig 1). On day 15, the pre-challenge ear thickness was 
measured using the spring micrometer, and the mice then were challenged 
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Figure 1. The average ear thickness ± SD in groups of six oxazolone-
challenged mice that had been either not sensitized (NS) or sensi-
tized (S) with oxazolone, and the effect of exposure to :3 X 1 MED of 
UVB radiation. Mice were either unprotected (no lotion) or treated with 
topically applied sunscreens containing 5% 2-EHMC or 10% o-PABA. 
by the application of 5 III freshly prepared 3% oxazolone/ ethanol solution to 
both surfaces of each pinna. Ear thickness then was measured repeatedly 
between 16 and 24 h, and the maximum car thickness was recorded. The net 
ear swell ing was calculated as the difference between the average pre-chal-
lenge and the average post-challenge ear thickness for each treatment group. 
Statistical sigl~ificance of the differences in net ear swelling between treat-
ment groups was assessed with Student t test. 
Assay ofUCA Isomers UCA was extracted from dorsal epidermal scrap-
ings obtained from skin excised immediately after irradiation, as described 
previously [12]. The traIlS and cis isomers were separated chromatographi-
cally and quantitated by absorbance at 277 nm [12,13] . 
Mice were exposed to 3 X 1 MED or 3 X 5 MED of UVB radia-
tion through base lotion, 5% 2-EHMC (photoimmunoprotective), or 5% 
o-PABA (nonprotective). Together with control treatment groups (sun-
screen application, no UVB irrad iation), the dorsal skins were excised im-
mediately after the third treatment, and UCA was extracted from the epi-
dermal scrapings. 
Photoisomerization ofUCA In Vitro To examine the effects of possi-
ble contact chemistry between the UVB absorbers and UCA, which might 
affect photo isomerization, we prepared two experimental sunscreens con-
taining 7.5% 2-EHMC or 6.5% o-PABA, thus reproducing the UVB-ab-
sorbing properties of two commercial sunscreens previously determined to 
differ in their photoimmunoprotective properties [7]. The experimental 
sunscreens (1 ml) and the vehicle (base lotion) alone were vortex-mixed 
with 1 rnl of 0.4% solution of traIlS UCA (Sigma Chemical Co.) in phos-
phate-buffered saline (0.15 M NaCI buffered at pH 7.3 with 10 mM potas-
sium phosphate) containing 10% dimethylsulfoxide. The mixtures were 
exposed in layers approximately 5 mm thick to doses of UVB radiation 
equivalent to 1,2, 3, 4, 6, and 10 X MED. The mixtures were agitated every 
2 min during the irradiation. After exposure, each mixture was diluted with 
2 ml of phosphate-buffered saline, vortex-mixed, and centrifuged at 
20,000 X g for 20 min to break the emulsion. The aqueous phase was re-
moved and the UCA isomers were separated and assayed as above. 
To examine the effect of the alteration in the UV radiation spectrum due 
to the UVB absorbers, 1-cm quartz spectrophotometer cuvettes were coated 
on the outside of one optical face with an even layer of either base lotion, 
7.5% 2-EHMC, or 6.5% o-PABA, or were left clear. A solution of traIlS 
UCA (0.5 ml 0.4% in phosphate-buffered saline with 10% dimethylsulfox-
ide) inside the cuvette was irradiated through the coating with a dose of 
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Table I. Mid-Dorsal Skinfold Thickness in Groups of Five Mice Treated Topically With Sunscreen Preparations, 
Measured Before and at 48 h Mter the First UVB Irradiation, Compared With Controls 
Skinfold Thickness (XO.01 mm) ± SD 
Unirradiated Irradiated (3 X 1 MED) Irradiated (3 X 5 MED) Percent Increase 
Control' 
No lotion 82.8 ± 8.6 142.0 ± 11.4 
Base lotion 83.8 ± 2.0 143.5 ± 14.0 
2 -EHMC 
2.5% 85.6 ± 7.4 92.2 ± 6.1 141.7 ± 13.0 66 
5.0% 81.8 ± 4.1 92.7 ± 10.2 110.2 ± 9.4 35 
10.0% 74.4 ± 3.6 80.5 ± 1.8 93.5 ± 9.4 26 
a-PABA 
5.0% 78.0 ± 3.1 86.9 ± 10.7 105.7 ± 9.4 36 
10.0% 75.2 ± 5.8 77.0 ± 3.8 96.0 ± 13.0 28 
15.0% 80.8 ± 6.4 82.0 ± 2.8 90.2 ± 15.5 12 
• Control mice received no topical lotion or base lotion ollly (without sunscreen ingredients) . 
UVB equivalent to 3 X MED. The concentrations of the trotlS and cis UCA 
isomers then were determined in 5-lll aliquots of the UCA solution as above. 
RESULTS 
Protection from Erythema The base lotion or the sunscreen 
preparations alone ~aused ~o significant c~anges in the skinfold 
thickness 111 ul1lrradlated mice compared with untreated mice (no 
lotion, 82.8 X 0.01 mm; Table I). Following 3 X 1 MED ofUVB 
irradiation, a moderate erythema developed in the unprotected mice 
and was quantitated by an increase in the skinfold thickness from 
82.8 to 142.0 X 0.01 mm in the untreated mice (no lotion), and 
from 83.3 to 143.5 X 0.01 mm in the mice treated with the base 
lotion. The base lotion was thus shown to be innocuous. No ery-
thema was evident in mice irradiated with 3 X 1 MED through any 
of the sunscreen preparations; the 48-h skinfold thickness varied 
between 77.0 and 92.7 X 0.01 mm and were not significantly dif-
ferent from the un irradiated skinfold thicknesses. Thus all the sun-
screen preparations provided tota.1 protection from a UVB ra~ia­
tion-induced moderate erythema, mdependent of the concentratIOn 
or nature of the UVB absorbers. 
Unprotected mice were not exposed to the higher ?ose. of 3 X 
5 MED of UVB, which would have caused severe bhstenng and 
desquamation. At this exposure, all the . 2-EHMC sunscreens per-
mitted a visible erythema to develop. ThiS ery~hema was of decreas-
ing severity as the concentration of 2-~HMC mcre~sed, but ~ven at 
10% 2-EHMC, the highest concentratIon tested, sklDfold thickness 
was significantly increased by 26% (p < 0.01). The o-PABA su~­
screens afforded better protection from edema and erythema, agam 
in a concentration-dependent manner, such that skinfold thickness 
in mice exposed to 3 X 5 MED through the 15% o-PABA lotion 
was not significantly increased compared with unirradiated mice. At 
5% and 10%, o-p ABA permitted significant increases in skinfold 
thickness of 36% (p < 0.001) and 28% (p < 0.05), respectively. 
Thus, at this higher UVB dose, which revealed the erythema-
protective limit of the sunscreens, protection from edema and ery-
thema was approximately equivalent with 10% 2-EHMC and 10% 
a -PABA, despite the calculated UVB absorbance of this concentra-
tion of o-PABA being approximately twice that of 2-EHMC. 
Protection from Systemic Suppression of CHS Hairless mice 
respond reproducibly and robustly to contact sensitization. The 
average ear thickness ± standard deviation (SD) in a typical experi-
ment are illustrated in Fig 1, showing that the nonsensitized, chal-
lenged-only ear thickness remained constant. Ear thickness in sensi-
tized mice was almost two times that of the nonsensitized control. 
Irradiation of unprotected mice with 3 X 1 MED ofUVB markedly 
reduced the ear swelling response, and this impairment was abro-
gated by irradiation through 5% 2-EHMC, but not altered signifi-
cantly through 10% o-PABA lotions. For clarity, the nonsensitized 
ear thicknesses have not been included in the remaining data 
presented. 
The CHS responses in mice treated with the series of sunscreens 
or base lotion, with and without 3 X 1 MED or 3 X 5 MED of 
UVB exposure, are illustrated in Fig 2 as the average net ear swell-
ing in groups of five or six mice. There was strong responsiveness 
(approximately a doubling of ear thickness) in control mice but 
some variability of the responses in unirradiated mice. The latter 
could not be related to either the nature of or the concentration of 
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Figure 2. Systemic CHS responses. Responses are expressed as average 
net ear swelling ± SEM in groups of five or six nonirradiated or irradiated 
(3 X 1 MED or 3 X 5 MED) mice treated topically with sunscreens con-
taining different concentrations of 2-EHMC or o-PABA, in comparison 
with mice treated topically with base lotion. 
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Table II. Epidermal UCA Concentration in Untreated Hairless Mouse Skin and Immediately 
After Exposure to 3 MED ofuVB Radiation in Unprotected Skin, or 5 MED Through Base Lotion 
and Sunscreens Containing 5% 2-EHMC and 5.0% o-PABA· 
Treatment tratls UCA 
None 7.2 ± 1.0 
UVB (1 MED) 7.4 ± 2.5 
Base lotion 6.5 ± 0.9 
Base lotion + UVB (1 MED) 10.2 ± 1.0 
5% 2-EHMC 10.1 ± 2.2 
5% 2-EHMC ± UVB 
1 MED 8.3 ± 1.5 
5MED 15.1 ±2.4 
5% o-PABA 7.6 ± 4.2 
5% o·PABA + UVB 
1 MED 8.9 ± 0.6 
5MED 11.4 ± 1.1 
• Data represent mean values ± SO for three mice. 
the UVB absorber, and probably indicates inter-mouse response 
differences under these assay conditions. 
Exposure of mice to 3 X 1 MED of UVE radiation through base 
lotion resulted in suppression of CHS to 54% of the unirradiated 
control. The CHS responses in the mice irradiated with 3 X 1 MED 
through the 2-EHMC sunscreens indicated that 2.5% 2-EHMC 
permitted moderate suppression of CHS (net ear swelling was 69% 
of the unirradiated sunscreen-treated control; significant difference, 
p < 0.01) . However, 5% and 10% 2-EHMC successfully protected 
the mice from this suppression (net ear swelling was 102% and 
89%, respectively, of unirradiated sunscreen-treated control; not 
significantly different from control). In contrast, mice irradiated 
through 5% o-PABA became strongly immunosuppressed, and 
with 3 X 1 MED, the CHS response was highly significantly re-
duced to 53% of the unirradiated sunscreen-treated control (p < 
0.001). Mice irradiated through 10% o-PABA also were signifi-
cantly suppressed to a moderate degree (71 % of the unirradiated 
control; p < 0.001), but mice irradiated through 15% o-PABA 
were protected from this suppression, and the CHS response re-
mained at 117% of the unirradiated control (not significantly dif-
ferent from control). Thus, total photoimmunoprotection from 
3 X 1 MED of UVB radiation was evident with a minimum con-
centration of 5% 2-EHMC and 15% o-PABA. 
At the higher UVB dose (3 X 5 MED), only the 2-EHMC sun-
screens (2.5% and 10%) were able totally to prevent suppression 
of CHS; 5% 2-EHMC permitted slight suppression (76% of con-
trol; p < 0.05). The much less effective immunoprotection by 
the o-PABA sunscreens was concentration dependent, and 15% 
o-PABA was markedly (p < 0.01) more protective (61 % of control) 
than 10% and 5% o-PABA (43% and 36% of control, respectively), 
fo llowing which the mice demonstrated no significant abrogation 
of the immunosuppression compared with unprotected controls 
(p < 0.001). 
Thus, at 3 X 1 MED of UVB exposure, 5% 2-EHMC and 15% 
o-PABA offered equivalent immunoprotection, although the UVB 
absorbance of 15% o-PABA is approximately five to six times 
greater than that of 5% 2-EHMC in vitro [7]. The discrepancy in 
immunoprotection between the two UVB absorbers was even more 
marked at 3 X 5 MED exposures, at which 2.5% 2-EHMC pro-
tected more effectively than 15% o-PABA. 
Protection From cis UCA Formation Normal hairless mouse 
epidermis was found to have 7.7 J.1.g/cm2 UCA, of which 6% was 
found to be in the cis form (Table II), probably representing artifac-
tual photo isomerization during the extraction procedure under lab-
oratory lighting. Irradiation of unprotected skin resulted in the 
photo isomerization of25% of the epidermal UCA to cis UCA, and 
irradiation through base lotion produced 23% cis UCA. Exposure 
through the sunscreen preparations inhibited this photoisomeriza-
J1g UCA/cm2 
cis UCA Total % cis UCA 
0.4 ± 0.2 7.7 6 
2.4 ± 0.5 9.9 25 
0.1 ± 0.1 6.6 2 
3.0 ± 0.5 13.2 23 
0.3 ± 0.2 10.4 3 
0.6 ± 0 .3 8.9 7 
0.4 ± 0.5 15.5 3 
0 .5 ± 0.2 8.1 6 
0.2 ± 0.01 9.1 2 
0 11.4 0 
tion, and the cis UCA concentration was found to vary between 0 
and 7% of the unirradiated sunscreen-treated epidermis . There were 
no significant differences in the concentrations of cis UCA mea-
sured in the epidermis between the unirradiated and irradiated sun-
screen-treated mice. Thus topical sunscreen preparations, indepen-
dently of the nature of the UVB absorber, effectively prevented cis 
UCA formation in the epidermis in response to UVE irradiation. 
Photoisomerization of trans UCA was also inhibited itl lIitro in 
two experimental systems. When trails UCA was mixed with either 
a 2-EHMC (7.5%; photoimmunoprotective) or an o-PABA (6.5%; 
non protective) - containing sunscreen prepared in the same base lo-
tion and then exposed to increasing doses of UVB radiation, the 
formation of cis UCA was dramatically inhibited by 2-EHMC and 
strongly inhibited by o-p ABA, in comparison with the formation of 
cis UCA mixed with base lotion only, which increased in a dose-re-
sponsive manner (Fig 3). After irradiation with the equivalent 
UVB dose of lOX MED in the mouse, 9.7% cis U CA was formed in 
base lotion, 4.3% in o-PABA, and only 1.6% in 2-EHMC. 
The apparent production of some cis UCA in the presence of 
o-PABA, compared with the inhibition in the presence of 2-
EHMC, suggests that photoisomerization might be prevented 
chemically by some interaction between 2-EHMC and trans UCA. 
Therefore, photoisomerization was performed with physical sepa-
ration of the UCA solution from the UVB absorber, using a quartz 
cuvette. Exposure of trans UCA to a dose ofUVB radiation equiva-
lent to 3 X MED, through a film of the sunscreen preparation out-
side the cuvette, resulted in equal inhibition of photo isomerization 
with either 2-EHMC or o-PABA (5.5% and 5.1 % cis UCA formed, 
respectively), compared with irradiation through the clear cuvette 
or through a coating of base lotion (14.9% and 14.8% cis UCA 
formed, respectively) (Table III). It is interesting that when tratlS 
UCA was irradiated after being mixed together with the sunscreen 
preparations, the photoisomerization after a UVB exposure equiva-
lent to 3 X MED in 2-EHMC, o-PABA, and base lotion was 1.8%, 
1.3%, and 3.8%, respectively (Fig 1). This conversion was compar-
atively much less efficient, particularly in the base lotion, probably 
because of shielding of the trfll'lS UCA by the thicker volume of the 
emulsion. 
DISCUSSION 
We have examined the capacity of various sunscreen preparations to 
protect from suppression of CHS by low (3 X 1 MED) and high 
(3 X 5 MED) doses of UVB radiation physiologically relevant to 
human daily sunlight exposure. Within the range of concentrations 
of the UVE absorbers tested, we did not find any preparations un-
able to inhibit edema from these UVB doses; the sunscreens all 
protected totally from edema after 3 X 1 MED of UYE radiation. 
Protection from 3 X 5 MED exposures was total only with 15% 
o-PABA, and was not achieved by 10% 2-EHMC, the highest con-
VOL. 103. NO. 6 DECEMBER 1994 
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percent conversion to cis UCA ± SD. after exposure to increasing doses of 
UVB radiation. 
centration of this UVB absorber tested. At this higher UVB expo-
sure, equal partial protection (approximately 25% increase in ski~­
fold thickness) was observed with 10% 2-EHMC and 10 Vo 
o- PABA, although the UVB absorbance of 10% o-PABA itl lIitro 
exceeds that of 10% 2-EHMC by 2.5 to 3 times [7]. Thus, the 
protective effectiveness against erythema and edema by o-p ABA has 
been revealed as less than that of 2-EHMC, predicted by the UVB 
absorbance spectrum. 
The suppression of CHS by the lower UVB exposure (3 X 
1 MED) was prevented completely by 5% 2-EHMC, but this re-
quired 15% o-PABA. This result is in agreement ':"'Ith our earher 
studies [7], in which fai lure to protect from suppressIOn of CBS was 
observed with an o-PABA commercial sunscreen (SPF 15) m com-
parison with a 2-EHMC sunscreen (SPF 15). This study implies that 
the photoimmunoprotective effectiveness of o-PABA can be en-
hanced by increasing the concentration sufficiently, although the 
superior UVB absorbance of o-PABA compared with 2-EHMC 
would preclude this necessity. With higher UVB eXRosure (3 X 
5 MED), all concentrations of 2-EHMC tested permltte~ slight 
suppression of CHS (17% to 24%), whereas o-P ABA was meffec-
tual and resulted at best in 39% immunosuppression at the highest 
concentration (15% o-PABA). It is interesting that the degree of 
immunosuppression observed in mice exposed to either high or low 
doses of UVB through o-PABA sunscreens was concentration de-
pendent, whereas such a relation was not apparent with 2-EHMC. 
This suggests differing protective mechamsms for each UVB ab-
sorber; the discrepancies between the differential protectiveness and 
the spectral absorbance characteristics of the active ingredients also 
indicate that their photoprotective effectiveness is not totally de-
pendent on their optical properties. 
It is not clear why such a difference exists when these prepara-
tions are tested on hairless mouse skin. From our analysis in hairless 
mouse epidermis, it does not appear that either UVB absorber sig-
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nificantly altered the photoisomerization of trans UCA, one poten-
tial mechanism for the induction of immunosuppression by UVB 
radiation. Itt lI itro, photo isomerization of trails UCA was unchanged 
when the UVB absorber and the UCA solution were separated 
physically. However, there was some indication that when there 
was contact between UCA and the UVB absorber, as must occur in 
the stratum corneum where UCA is largely extracellular, a greater 
degree of photo isomerization was permitted with o-PABA than 
with 2-EHMC. The possible chemical reactivity between the UVB 
absorbers and UCA needs further examination. It is, however, not 
consistent that in o-PABA-irradiated mice, in which markedly 
impaired CHS was observed, epidermal cis UCA levels were not 
detectably elevated. The lack of correlation between epidermal cis 
UCA and CHS indicates that this relation is complex, as recently 
suggested by the disparate action spectra for the UCA photoisomer-
ization reaction (maximum at 315 nm) [14] and for the suppression 
of CHS by UV irradiation (maximum at 270 nm) [15]. Evidence for 
DNA as an alternate immunosuppressive epidermal photoreceptor 
also exists, imylicating the UVE-induced pyrimidine dimer as the 
critical lesion [16,17] . Very recently, sunscreens have been shown to 
prevent DNA dimerization effectively in C3H haired mouse skin, 
with no significant difference in protection between 7.5% 2-
EHMC and 8% o-PABA [18]. This finding is consistent with equal 
photoimmunoprotection by these UVB absorbers, but obviously 
does not conform with our studies. In addition, suggestions have 
been made for possible photochemical interactions between UVB 
absorbers and DNA bases [19,20], which could affect differentially 
the induction of immunosuppression by a DNA lesion-
dependent mechanism. 
The results we describe here differ from those of Wolf et af [8] in a 
recent study in C3H haired mice, in which the photoimmunopro-
tectivity of sunscreens was evident at UVB doses up to 8 X MED. 
Both 8% o-PABA- and 7.5% 2-EHMC-based preparations ap-
peared to protect equally from suppression of CHS. However, the 
data indicated that there was considerable inter-assay variability in 
the immunoprotection, and the role of the sunscreen was not clear. 
Our re~ults do a.gree that protection from erythema is superior to 
protection fromllnmunosuppresslOn for o-p ABA, but unlike Wolf, 
et af [8], we did not find this relation for 2-EHMC. In the study by 
Wolf et af [8], doses of up to 32 X MED were administered to the 
shaved mice, which is of some concern because these doses would 
have resulted in immunosuppressive burn pathology at least in the 
non-sunscreen-treated animals, and must also have exceeded the 
SPF in sunscreen-treated mice, confounding the results. The 0-
PABA-based sunscreen appeared to have an SPF on C3H mouse 
skin of at least 8, in contrast with the stated SPF of 4 - 6 for humans 
(no data were given for 2-EHMC). In our study, the SPF of the 
experimental sunscreen preparations on hairless mouse skin exposed 
to unfiltered UVB radiation was consistent with predictable SPF 
values in humans for preparations containing equivalent concentra-
tions of the UVB absorbers. The C3H haired mouse may be rela-
tively resistant to UVB-induced erythema and edema compared 
With man and the hairless mouse. Comparative sensitivities must be 
assessed between the mouse strains before the immunoprotective 
potential of sunscreen preparations can be quantitated meaning-
fully. 
The evidence that UV radiation-induced immunosuppression 
Table Ill. Effect of Sunscreen Preparations Applied 
Externally to Quartz Cuvettes on the Photo isomerization 
of an Internal Solution of 0.4% trans UCA, After Exposure 
to 3 MED of UVB Radiation 
J1g UCA/ S-J1l Aliquot 
External Application traIlS UCA cis UCA Total % cis UCA 
None 14.8 2.6 17.4 15 
Base lotion 13.3 2.3 15.6 15 
7.5% 2-EHMC 19.8 1.2 21.0 6 
6.5% o-PABA 21.3 1.2 22.5 5 
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plays a role in human skin carcinogenesis is mounting [21-24]. 
Therefore, the problem of assessing the ability of sunscreen prepa-
rations to protect from this immune defect remains a pressing one. 
This study has confirmed previous findings that a differential e~ists 
in photoimmunoprotection by two UVB absorbers when exammed 
in the hairless mouse, but the applicability to humans and the un-
derlying mechanism are not clear at present. 
This project \Vas supported by the Natiotlal Health alld Medical Research Council oj 
Australia and tile Ulliversity oJSydtley Cancer Research Futld. We tllank Georgilla 
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